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SECTION  I 


INTRODUCTION 

Nitroguanidine  (NQ)  is  a  commercially  available  energetic  material  in 
the  form  of  flexible  needles  (0(-  polymor^di),  having  a  bulk  (packing)  densi¬ 
ty  generally  between  0.2  to  0.3  g/cm^.  This  crystal  habit  limits  its  use¬ 
fulness  as  an  e^qslosive  ingredient  primarily  because  of  poor  processability 
characteristics  and,  less  importantly,  because  of  its  Inherent  lower  partic¬ 
le  density  (1.64  _+  0.03  g/cm^).  The  crystal  density  of  NQ  is  1.775  g/cm^. 
The  use  of  crystal  habit  modifiers  and  special  recrystallization  techniques 
allow  the  crystal  habit  to  be  changed  to  forms  of  higher  bulk  and  particle 
densities  and  Improved  processability  characteristics.  This  report  des¬ 
cribes  the  results  of  an  investigation  involving  two  crystalline  forms  of 
NQ,  herein  naimed  high  bulk  cubical  (HBCNQ)  and  spherical  (SNQ).  The  former 
is  recrystallized  from  water,  and  the  latter  by  a  special  process  from 
dimethyl formamide.  The  sources  of  the  two  NQs  are  the  Naval  Ordnance  Sta¬ 
tion,  Indian  Head,  Maryland  and  Fraunhofer-Institut  fur  Chemische  Technolo- 
gie  (ICT)  of  the  Federal  Republic  of  Germany,  respectively. 

HBCNQ  is  an  irregularly  shaped,  polyhedral-like  particle  with  as- 
received  bulk  and  particle  densities  of  0.948  and  1.760  jf  0.008  g/cm^.  SNQ, 
on  the  other  hand,  is  an  example  of  spherulitic  crystallization  with  radial 
internal  growth  structure.  The  bulk  and  particle  densities  for  as-received 
SNQ  are  0.976  and  1.724  ^  0.009  g/cm^,  re^sectively.  Scanning  electron 
micrographs  of  NQ  in  the  two  crystalline  habits,  HBCNQ  and  SNQ,  are  shown  in 
Figures  1  and  2.  The  former  figure  gives  a  general  view  of  a  typical 
particle  of  each  type  of  NQ  and  the  latter  a  close-up  of  the  contrasting 
surface  structures.  A  typical  view  of  the  internal  structure  of  a  fractured 
spherulite  embedded  in  a  TNT  matrix  is  shown  in  Figure  3a.  Wetting  of  the 
outside  surface  of  the  spherulite  by  the  TNT  is  also  obvious  from  this 
micrograph.  Surface  wetting  of  the  spherulite  surface  is  better  depicted  by 
the  derivative  signal  processing  technique  shown  in  Figure  3b.  The  SNQ-TNT 
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Figure  1.  Scanning  Electron  Micrographs  of  HDCNQ  (146X)  and 
SNQ  (200X) 
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Figure  3. a.  Scanning  Electron  Micrograph  of  a  Fractured  SNQ 
Spherulite  Embedded  in  TNT. 


h 


0047 


THT/GSNQ 


Figure  3.b.  Scanning  Electron  Micrograph  (Derivative  Signal 
Processing  Technique)  Showing  Spherulite  Surface 
Wetting  by  TNT 


5 


interface  occurs  at  the  center  (SNQ  on  the  left  and  TNT  on  the  right)  of  the 
upper  boundary  of  the  microgrciph  and  proceeds  diagonally  from  left  to  right 
until  It  intersects  the  lower  boundary  two-thirds  of  the  distance  from  the 
left  boundary. 

The  two  types  of  NQ  were  investigated  neat  and  as  melt  cast  formula¬ 
tions  with  INT  and  with  RDX  as  the  more  sensitive  energetic  ingredients. 
Three  paurticle  size  ranges  (105-210,  210-297,  amd  297-420  microns)  were  used 
for  each  type  of  NQ.  The  TNT-based  formulations  consisted  of  50  percent  by 
wei^t  NQ  with  the  remainder  TNT.  Homogeneous  dispersion  of  the  NQ  was 
insured  by  creaming  the  TNT  during  the  formulating  process.  The  RDX-based 
formulations  consisted  of  PDX  (21.6  percent),  NQ  (47  percent),  aluminum  (17 
percent),  polywax/DQA  (14.1  percent)  and  lecithin  (0.3  percent).  The  Class 
E  RDX  was  coated  with  10  percent  dioctyl  adipate  (DCIA).  The  aluminum  used 
in  the  formulation  was  atomized  powder  No.  1401  produced  by  Aluminum  Comp>any 
of  America,  Rodcdale  TX,  and  the  wax  was  Polywax  (500)  Polyethylenes  pro¬ 
duced  by  Petrolite  Specialty  Polymers  Group,  Tulsa  OK.  All  percentages  are 
by  weight. 

The  objective  of  this  investigation  was  to  characterize  both  types  of 
NQ  with  respect  to  thermal  stability,  shock  sensitivity,  and  performance. 

The  parameters  chosen  were  thermal  stability  by  differential  scanning  calo¬ 
rimetry  and  slow  cookoff  characteristics,  critical  diameter,  detonation 
velocity  and  pressure,  shock  sensitivity  (gap  technique)  and  bullet  impact. 
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SEXTTION  II 


PrcCEDURES 

1.  DIFFEE^ENTIAL  SCALING  CALCRIMEnTO  <DSO 

Ttiis  comparative  evaluation  was  carried  out  using  a  Perkin-Elmer  DSC- 
4/Thermal  Analysis  Data  Station  System.  Apparent  activation  energies  for 
the  thermal  decomposition  process  were  obtained  using  the  variable  heating 
rate  technique  (Reference  1).  Large  volume,  sealed,  stainless  steel  sample 
Cc^sules  (Perkin-Elmer  Part  No.  0319-0029)  were  used  to  insure  neither 
sample  ingredients  nor  decorrposition  geises  were  lost  during  the  heating 
process.  Heating  rates  of  2,  5,  10,  20,  and  40°C/minute  were  used  with 
three  e^qperiments  being  carried  out  at  each  heating  rate. 

2.  CRITICAL  DIAMETEK 

Critical  diameter  determinations  were  made  using  a  cone  of  explosive 
tapering  from  a  diameter  of  76.2  mm  to  19.05  mm  over  a  length  of  330.2  mm. 

A  cylindrical  section,  152.4  mm  long  by  76.2  mm  diameter,  precedes  the 
tapered  portion  of  the  cone  to  insiire  steady  state  detonation  is  achieved 
prior  to  the  tapered  section.  The  cone  was  instrumented  with  23 
piezoelectric  pins  spaced  15  mm  apart  along  the  length  of  the  tapered 
section.  The  booster  assembly  consisted  of  an  RP2  detonator,  a  25.4  mm 
diameter  by  25.4  mm  long  cylinder  of  Composition  A-5,  a  101,6  mm  diameter  by 
50.8  mm  long  cylinder  of  Composition  C-4  and  a  101.6  mm  diameter  by  50.8  mm 
long  cylinder  of  Cortposition  B.  The  latter  component  of  the  booster 
assembly  was  mounted  against  the  cylindrical  section  of  the  experimental 
cone  in  a  horizontal  test  configuration.  See  Figure  4. 

The  cone  test  was  designed  to  semi-quantitatively  measure  the  effect  of 
decreasing  charge  radius  on  the  detonation  velocity  of  a  given  energetic 
material  or  mixture  of  materials.  The  use  of  a  conical,  as  opposed  to  a 
cylindrical  charge  and  piezoelectric  pins,  as  opposed  to  a  streak  record, 
results  in  a  degree  of  uncertainty  in  the  actual  location  of  the  critical 
diameter.  In  fact,  critical  diameter  values  for  ideal  explosives  using  the 
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Figure  4.  Schematic  of  a  Conical  Test  Fixture  for  Measuring  Critical  Diameters  of 
Explosives 


cone  technique  have  agreed  within  €  mm  of  the  values  found  by  cylindrical 
configurations. 

3.  DETONATION  VELXITY/PRESSUBE 

Combination  det<x»tion  velocity/pressure  experiments  were  carried  out 
using  cast  right  circular  cylinders  of  unctxifined  e^qslosive.  Cylinders  were 
203.2  mm  in  length  and  diameters  varied  from  19.0  to  50.8  nun.  Three  tests 
were  carried  out  for  each  formulation  at  each  of  three  diameters:  19.0; 

25.4;  and  50.8  mm  for  the  TNT-based  formulations  and  25.4,  38.1  and  50.8  mm 
for  the  RDX-based  formulations.  Cylinders  were  instrumented  with  11 
piezoelectric  pins  spaced  15  mm  apart  and  positioned  vertically  on  two  152.4 
by  152.4  mm  scjuare,  50.8  mm  thlch  celd-rolled  steel  plates.  Plate  hardhess 
varied  between  C9  and  CIO  on  the  Rocdcwell  scale.  Cylinders  were  bcxDsted 
from  the  top  with  an  assembly  consisting  of  an  RP2  detonator,  a  25.4  mm  long 
cylinder  of  Composition  A-5  25.4  mm  in  diameter  and  a  50.8  mm  long  cylincJer 
of  Composition  B  donor  that  was  50.8  mm  in  diameter  regardless  of  accr^Jtor 
diameter.  See  Figure  5. 

4.  SHOCK  SENSITIVITY 

Shoch  sensitivity  was  determined  using  the  modified  expanded  large 
scale  g2p  test  (ELSGT)  (Reference  2).  Explosives  were  cast  into  right 
circxilar  steel  tubes  and  machined  flush  with  the  encis.  The  tube  was  279.4 
mm  long  with  an  inside  diameter  of  73.15  mm  and  had  a  nominal  wall  thickness 
of  11.10  mm.  Charges  were  instrumented  with  10  piezoelectric  pins  spaced 
25.4  mm  apart  along  the  length  of  the  charge  starting  25.4  mm  from  the  tc^* 
edge  of  the  crylinder.  The  pins  were  inserted  through  the  steel  wall  of  the 
cylinder  into  preformed  holes  that  protruded  to  the  center  of  the  explosive 
d/^^rge.  The  charge  was  centered  vertically  on  top  of  a  19.05  mm  thicdc  203.2 
by  203.2  mm  square  steel  (armor)  plate  which,  in  turn,  rested  on  a  plywood 
base.  The  bcxsster  assembly  consisted  of  an  RP2  detonator,  a  25.4  mm  thick 
cylinder  of  Conposition  A-5  25.4  mm  in  diameter,  and  a  cylinder  of  Composi¬ 
tion  B  95.25  mm  in  diameter  and  95.25  mm  thick  which  acted  as  the  donor. 
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Figure  5.  Schematic  of  a  Test  Fixture  for  Measuring  Plate 
Dent  and  Detonation  Velocities  of  Explosives 


See  Figure  6.  Varying  thicknesses  of  polymethyl  methacrylate  (PMMA)  were 
placed  between  the  booster  assembly  and  the  acceptor  charges  to  vary  the 
amount  of  transmitted  shock.  Tests  were  caurried  out  using  the  Bruoeton  Up- 
Down  method. 

5.  SLOW  COOKOFF  (Generic  Hardware) 

Slow  cookoff  tests  were  carried  out  in  steel  pipe  nipples  with  end 
caps.  The  pipes  were  152.4  mm  long  schedule  80  steel  with  an  inside  diame¬ 
ter  of  101.6  mm  and  a  nominal  wall  thickness  of  6.02  mm.  See  Figure  7. 

After  one  end  cap  was  plaoed  onto  the  nipple  and  ti^tened,  the  device  was 
then  lined  with  a  thin  coating  of  R45HT  polybutadiene-based  polymer.  The 
polymer  was  applied  to  the  entire  inner  metal  surface  of  the  container  and 
then  the  container  was  inverted  to  allow  excess  polymer  to  drain  during  the 
curing  process.  The  ejg>losive  formulation  was  cast  into  the  lined  hardware 
to  12.7  mm  below  the  open  end.  The  remainder  was  filled  with  Tuff  Seal^ 
to  a  level  flush  with  the  open  end.  This  rubbery  material  was  used  to 
prevent  the  explosive  from  shifting  during  transport  and  also  to  prevent  it 
from  coming  into  contact  with  the  bare  metal  of  the  end  cap  during  the  test. 
The  remaining  end  cap  was  tightened  onto  the  open  end.  Free  volume  consist¬ 
ed  of  a  small  space  between  the  vpper  Tuff  Seal*^  level  and  the  inner  surface 
of  the  upper  end  cap  and  shrinkage  void,  if  any,  in  the  e>qplosive  not  filled 
with  Tuff  Seal*^.  The  closed  loop  cookoff  system  consisted  of  a  heater  oven, 
an  inner  hardware  oven,  and  a  blower  (See  Reference  3  for  details).  The 
test  hcurdware  was  placed  in  the  hardware  oven  in  the  horizontal  position. 
Tests  were  conducted  three  at  a  time  and  in  triplicate  for  each  formulation. 
Test  items  were  heated  to  a  temperature  55®C  below  tl«  predicted  reaction 
temperature,  allowed  to  stabilize  for  1  hour,  then  heated  at  a  rate  of  3.3°C 
per  hour.  Predicted  reaction  temperatures  were  calculated  from  DSC  data 
(Reference  1)  whereby  the  least  squeures  fit  of  the  data  was  extrapolated  to 
the  aJoove  fieating  rate.  No  consideration  was  given  to  the  wall  thickness  of 
the  test  hardware.  Thermocouples  were  plaoed  at  strategic  positions  within 
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the  closed  loop  system  and  on  the  outer  surface  of  the  test  hardware 
(Reference  3). 

6.  SLOW  CXXDKOFF  (SCO  Units) 

Slow  coo)coff  tests  were  carried  out  in  small-scale  cookoff  bomb  (SCB) 
units  as  generally  described  below  and  in  Reference  4.  The  bomb  bocty  was 
constructed  from  mild  steel  (1026)  tubing  with  the  bottom  end  plate  welded 
into  position.  The  inside  diameter  was  63.5  mm,  the  wall  thicduiess  6.35  mm, 
and  the  inside  depth  127  mm.  The  inside  walls  of  the  bomb  body  were  lined 
with  asphalt.  The  e:q3losive  charges  were  cast  into  cylinders  with  a  pre¬ 
formed  hole  down  the  centerline  to  accommodate  a  type  K  thermocox;ple.  The 
charges  were  machined  to  57.15  mm  in  diameter  and  107.95  mm  in  length  and 
were  inserted  into  the  bomb  body.  After  the  end  cap  was  placed  onto  the 
bomb  body  and  tightened,  the  thermocouple  was  inserted  into  the  explosive 
and  sealed  into  the  end  c^  with  a  special  Swagelok  fitting.  The  SCB  unit 
was  sandwiched  between  two  witness  plates,  127  by  127  by  12.7  mm,  construct¬ 
ed  from  1018  mild  steel  and  secured  by  4  bolts.  Tne  SCB  unit  was  placed  in 
a  specially  designed  oven,  heated  to  105°C,  held  for  six  hours  and  then 
heated  at  a  rate  of  3.3°C/hour  until  reaction.  A  new  oven  was  used  for  each 
test.  See  Figure  8. 

7.  BULLET  IMPACT 

Bullet  impact  tests  were  carried  out  with  schedule  80  pipe  152.4  mm  ID 
by  304.8  mm  in  length  with  end  caps,  filled  with  the  explosive  formulation. 
Three  .50-caliber,  single-shot  Mann  barrels  were  used  for  these  tests.  The 
weapons  were  placed  side  by  side  and  sequenced  100  milliseconds  apart  to 
simulate  a  three-round  burst  from  a  .50-caliber  machine  gun.  Two  16  mm 
high-speed  motion-picture  cameras,  operated  at  4,000  frames  per  second,  and 
two  OCTV  cameras  were  used  to  record  the  tests.  Velocity  screens  were  used 
to  determine  the  average  impact  velocity  for  the  .50-caliber  ammunition  lot. 
The  instrumentation  and  experimental  arrangements  are  described  in  Reference 
3. 
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8.  MNSm 

Particle  densities  were  obtained  with  a  Penta-Pycnometer,  Model  PP-4, 
manufactured  by  Quantac^ome  Corporation.  Nitrogen  was  used  as  the 
displacing  fluid.  Sample  mass  for  both  HBCNQ  and  SNQ  was  around  6  grams 
and  around  1  gram  for  needle-llke  NQ.  Bulk  (packing)  densities  for  HBCNQ 
and  SNQ  were  obtained  1:^  the  tapping  method  where  a  volumetric  container  was 
tapped  until  a  constant  volume  of  sample  was  maintained. 
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SECTION  III 


RESULTS 

1.  DIFFERENTIAL  SCANNING  CALORIMETRY  (DSC) 

Typical  DSC  thermograins,  scan  rates  of  10°C  per  minute,  for  HBCNQ  (297- 
420  u),  HBCNQ  (105-210  u),  SNQ  (297-420  u),  SNQ  (105-210  u) ,  TNT, 
TNT/HBCNQ  (297-420  u),  TMT/HBCNQ  (105-210  u),  TOT/SNQ  (297-420  u),  and 
TNT/SNQ  (105-210  u)  are  shown  in  Figures  9,  10,  11,  12,  13,  14,  15,  16  and 
17,  respectively.  HBCNQ  thermograms  are  characterized  by  a  broad,  low 
intensity  exotherm  prior  to  the  main  exotherm,  while  those  from  SNQ  show  a 
sharp  exotherm  preceded  by  a  small  endotherm.  In  all  cases,  the  main  exo¬ 
therm  associated  with  HBCNQ  occurs  airound  20°C  before  that  of  SNQ.  A 
thermogram  (not  shown)  from  the  needle-like  NQ  is  similar  in  appearance  to 
that  from  SNQ.  The  peak  temperature  associated  with  its  single  exotherm 
peak  occurs  only  about  4°C  lower  than  that  associated  with  SNQ  suggesting 
similar  deconposition  characteristics.  The  exotherms  associated  with  the 
TNT-based  formulations  are  characterized  by  two  exothermic  areas.  The  lower 
temperature  area  is  assumed  to  be  associated  with  NQ  decomposition  and  the 
latter  with  TNT  deconposition.  Furthermore,  the  exothermic  area  associated 
with  HBCNQ  in  the  TNT  formulations  is  characterized  generally  by  two  intense 
peaks  at  low  heating  rates,  while  the  same  area  associated  with  SNQ  is 
typified  by  only  a  single  peak. 

Typical  DSC  thermograms,  scan  rate  of  10°C/minute,  for  RDX/HBCNQ  and 
RDX/SNQ  are  shown  in  Figures  18  and  19,  respectively.  NQ  particle  size 
range  for  the  RDX-based  formulations  is  210-297  microns.  The  thermograms 
for  the  former  are  characterized  by  broad,  multiplets  at  lower  scan  rates, 
while  those  for  the  latter  consist  of  relatively  sharp  singlets  for  all  scan 
rates.  Exotherm  peak  tenperature  associated  with  the  RDX/HBCNQ  fofmulation 
occurs  about  10°C  lower  than  the  corresponding  peak  for  the  RDX/SNQ  formula¬ 
tion.  Apparent  activation  energies  for  the  decomposition  process  for  both 
types  of  NQ  and  the  various  formulations  are  shown  in  Table  1. 
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Figure  10.  DSC  Thermogram  of  HBCNQ  (105-210  u) 
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Figure  11.  DSC  Thermogram  of  SNQ  (297-420  u) 
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Figure  12.  DSC  Thermogram  of  SNQ  (105-210  u) 
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Figure  13.  DSC  Thermogram  of  TNT 
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Figure  15.  DSC  Thermogram  of  TNT/HBCNQ  (105-210  u) 
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Figure  16.  DSC  Therajogram  of  TNT/SNQ 


tnt;snq  1  os-21  ou 


26 


temperature  C} 

Figure  17.  DSC  Tnerinogram  of  TNT/SNQ  (105-210  u) 
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Figure  18.  DSC  Thermogram  of  RDX/HBCNQ  (210-297  u) 


TABLE  1.  ACriYKriON  ENER3IS  FDR  HDCNQ,  SNLi,  AND  IHB 
TWr-  AND  RCK-BA^  FDIMJIAriONS 


Particle  Size 
(mlcrona) 


(Kcal/mole) 


HOCNQ 

29^20 

29.6  +  0.9 

HBCNQ 

105-210 

29.3  +  0.7 

SNQ 

297-420 

38.1  +  0.9 

SNQ  . 

105-210 

35.9  +  0.6 

SNQ 

crushed 

36.4  +  0.4 

•mr/HBCNQ 

297-420 

27.8  +  1.7 

TOT/HBCNQ 

105-210 

24.7  +  1.7 

TOT/SNQ 

297-420 

31.6  +  1.5 

•mr/sNQ 

105-210 

31.6  +  0.7 

rdk/hbcnq 

210-297 

28.5  +  0.6 

RCK/SNQ 

210-297 

33.4  +  0.7 
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2.  CRITICAL  DIA^ETER 

The  critical  dieuneters  for  the  formulations  TNT/HBCNQ  <297-420  u), 
WT/SNQ  (297-420  u),  FDX/HBCNQ  <210-297  u),  WT/HBCNQ  (105-210  u)  and 
TNT/SNQ  (105-210  u)  are  29  +  3,  25  +  3,  24  +  3,  <19  and  <19  mm, 
respectively.  The  graphiced  r^resentatlOTS  of  the  measured  detonation 
velocities  versus  reciprocal  radius  for  eacii  of  the  above  e^qseriments  aure 
shown  in  Figures  20,  21,  22,  23,  and  24.  ihe  data  gleaned  from  these 
experiments  are  summarized  in  Table  2.  Also  included  in  the  table  are  the 
calculated  charge  detonation  velocities,  D,  at  a  diameter  of  50.8  mm  and  the 
percent  of  the  ideal  detonation  velocity  of  pure  NQ,  Di(NQ),  at  the  given 
density.  The  detonation  velocity  of  the  NQ  component  of  the  mixture  and 
Di(NQ)  value  can  be  calculated  from  the  known  ideal  curves  euxi  the  simple 
additivity  principle  (References  5  and  6).  Critical  diameters  were 
determined  from  pin  data.  The  critical  diameter  for  the  RDX/SNQ  formulation 
was  not  determined. 

3.  DETONATION  VELOCITY/PRESSURE 

The  detonation  velocities  for  the  TWT-based  formulations  have  been 
cAjtained  at  charge  diameters  of  50.8,  25.4,  and  19.05  mm  and  for  the  RDX- 
based  formulation  at  50.8,  38.1,  and  25.4  mm.  Detonation  pressures  based  on 
plate  dent  measurements  were  obtained  only  for  the  50.8  mm-diameter  charges. 
These  data,  along  with  the  corresponding  calculated  D(NQ)  values  are  shown 
in  Table  3. 

4 .  SH<XK  SENSITIVITY 

a.  TNT-NQ  Series  (297-420  micron  NQ) 

The  results  from  the  modified  EILSCTT  series  for  the  TNT/NQ  (297- 
420  micron)  melt  cast  system  are  summarized  in  Table  4  and  run  to  detonation 
curves  are  shown  in  Figures  25  and  26.  HBCNQ  yields  a  50  percent  gap 
thickness  between  80.96  (Go)  and  82.55  mm  (No  Go)  of  PMMA  based  on  standard 
witness  plate  damage  data.  These  thicknesses  correspond  to  37.3  and  35.9 
kbar  of  irput  pressure,  respectively.  The  50  percent  gap  thickness  for  SNQ 
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Figure  20.  Critical  Diameter  Pin  Data  for  TNT/.HBCNQ  (297-420  u) 
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Figure  22.  Critical  Diameter  Pin  Data  for  RDX/HBCNQ  (210-297  u) 
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Figure  23.  Critical  Diameter  Pin  Data  for  TNT/HBCMQ  (105-210  u) 


TABLE  2.  CRITICAL  DLAMBIER  AND  DeiDNATIGN  VEXOCITIES 


FOR  TNT-  AMD  ROK-BASED  HQ  FOmUIAriCIB 

Formulation 

particle 
Size  (u) 

Critical 
Diameter  (mm) 

Density 

(q/cm^) 

Calc’d  D  at^ 
50.8inm  (imn/us) 

%Di(NQ) 

TOT/HBCHa 

105-210 

<19 

1.663 

7.40 

93 

TOT/HBCNQ 

297-420 

29  +  3 

1.643 

7.28 

92 

•mr/sNQ 

105-210 

<19  ■" 

1.638 

7.62 

101 

TNT/SNQ 

297-420 

25  +  3 

1.636 

7.43 

99 

REK/HBCNQ 

210-297 

24+3 

1.60 

6.00 

66 

1.  Calculated  detonation  velocitiee  at  a  diameter  of  50.8  mm  from 
regression  analysis  equations  shown  in  Figures  20,  21,  22,  23,  and  24. 

2.  The  detonaticn  velocity  of  the  NQ  component  of  the  charge,  D(NQ),  and 
the  ideal  detonation  velocity  of  pure  NQ  at  the  given  density,  D^iNO),  are 
calculated  from  the  ideeUL  equations  and  the  additivity  principle  (Reference 
5). 
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Td}le  3.  DCTONKTION  VELOCITY/PRESSURB  IGST  DMA  SUtARX 
(295  Msars  Irput  Pressuure) 


Particle 

Diameter 

Dv^ 

Density 

D(NQ)2 

P^ 

Forrrulatlcxi 

Size  (microns) 

(nm) 

(nm/us) 

(g/cm^) 

(nm/us) 

(Hbars) 

TOT/HBCNQ 

105-210 

50.8 

7.197 

1.622 

7.46 

205 

7.082 

1.624 

7.23 

208 

7.107 

1.626 

7.28 

215 

WT/HBCNQ 

297-420 

50.8 

7.030 

1.634 

7.11 

209 

6.993 

1.638 

7.15 

211 

6.979 

1.638 

7.15 

208 

WT/SNQ 

105-210 

50.8 

7.273 

1.632 

7.61 

206 

7.287 

1.633 

7.63 

212 

7.231 

1.625 

7.53 

212 

25.4 

7.099 

1.646 

7.17 

7.109 

1.647 

7.18 

7.108 

1.624 

7.29 

19.05 

6.962 

1.639 

7.14 

6.967 

1.644 

7.16 

TW/SNQ 

297-420 

50.8 

7.070 

1.635 

7.19 

216 

7.192 

1.636 

7.43 

219 

7.293 

1.640 

7.15 

218 

25.4 

6.976 

1.647 

7.17 

6.669 

1.645 

7.17 

6.715 

1.658 

7.21 

19.05 

6.775 

1.626 

6.62 

BDX/HBCNQ 

210-297 

50.8 

6.058 

1.629 

5.07 

67 

5.949 

1.635 

4.90 

65 

5.931 

1.643 

4.86 

65 

38.1 

5.912 

1.640 

4.84 

5.684 

1.619 

4.54 

5.650 

1.612 

4.50 

5.644 

1.600 

4.51 

5.564 

1.612 

4.37 

25.4 

5.677 

1.631 

4.51 

5.617 

1.627 

4.43 

RDX/SNQ 

210-297 

50.8 

6.827 

1.618 

6.21 

112 

7.267 

1.619 

6.85 

137 

7.017 

1.612 

6.49 

139 

38.1 

6.000 

1.631 

4.98 

5.629 

1.600 

4.49 

5.562 

1.580 

4.42 

5.566 

1.590 

4.41 

25.4 

5.857 

1.622 

4.78 

5.795 

1.644 

4.66 

i 

5.841 

1.627 

4.75 

1.  Measured  detonation  velocity 

2.  Calculated  HQ  detonation  velocity 

3.  Detonation  pressure  from  plate  dent  experiments 
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1M«  4.  noiriD  BjBiir  louin  ra  m/to  mur  am  Bimif 
(3f7-4»  aleBaB  lOI 


TVra  K1 

Danalty 

Im/aP) 

JJJB* 

mvt 

Ihldmaaa  <1 

Valocity 

aiL  (■^vaj 

- 

tSOQ 

1.640 

99.8 

101.6 

ItoOs 

Wltnaaa  Plata  dafocaad  about  38  aa 

Caaa  split  into  two  plaeos 

1.63S 

9f.S 

88.90 

Hb  00 

Wltnasa  plata  dafocaad  about  91  aa 

Caaa  (tavaantad  Into  larya  placaa 

1.618 

99.7 

a2.H 

HD  Oo* 

NItftasa  Plata  dafotaad 

Casa  (tsvaantad  Into  asdliaKto-lsrpo  placaa 

1.631 

99.1 

80.96 

Oo* 

Wltnasa  Plata  holad  and  crackad 

Caaa  (ravaantad  Into  aaall  placaa 

1.689 

98.7 

79.38 

Oo* 

Wltnaaa  Plata  holad,  crackad  and  dafocaad 

Caaa  frajaantad  Into  aall  placaa 

1.647 

96.2 

76.20 

Qo* 

Wltnaaa  plata  holad.  crackad  ard  dafocaad 

caaa  (raoaantad  Into  aaall,  hl9hiy  ahaarad  placaa 

1.646 

96.1 

29.40 

7.20  ♦  0,09* 

Wltnaaa  plata  holad 

{ra^Bfntal  Into  aiail  plac«a 


1.909 

92.6 

101.6 

No  do 

Wltnaaa  plata  slightly  dafotaad 
<^sa  brokan  Into  two  placaa 

1.991 

91.0 

08.90 

HO  do 

Wltnaaa  plata  daforaad 

caaa  ftijitad  Into  latoa  6  Mil  placaa 

1.618 

99,7 

87.11 

HO  do* 

Wltnasa  plata  daforaad  about  7g  mm 

caaa  ftaiyauitad  Into  aadlua-to-larga  placaa 

1.639 

99.7 

89.72 

2,67-4.21* 

Wltnaaa  plata  holad  and  broken  into  3  places 
Casa  ftspaaiitcd  Into  aaall  placaa 

1.618 

94,9 

82.99 

7.U  ♦  0,12^ 

Wltnasa  plats  holed  and  broken  In  half 

Oho  fraMhtad  Into  Mil  pieces 

1.989 

92.6 

76.20 

7.U  ♦0.10* 

wltnasa  plats  holad  an)  btOkm  In  half 
case  (taiyntsd  Into  Mil,  vary  thin  places 

1.619 

94.6 

29.40 

7.22  ♦  0.20* 

Wltnasa  plata  holed  and  cracked 

Casa  fcaipasitsd  Into  Mil  pieces 

Ibaocatiotl  aaa 

laut  daialty  (37t>l  • 

1.712 

2-  UVD  U>74  *O.Oem/ui  lot  ItKH}  and  1,71  a  0.0)i«/ua  for  SH3) 

3,  Rn  «4>  to  oonittnt  volocity  ditonattcxi  wM~tp|iroiilMt«ly  }34ra 

4-  Ikn  IV  to  constant  vslocity  daconatton  Mat  ap^oalMtsy  lOJia 

5-  oonstant  voloeity  dstonator  (or  antira  lan^Ut  of 

6.  Ocnatant  valoolty  datonstlon  not  actitavad  by  last  pint  howovar,  Mitnaas  plats  daaa^  ml 
ftayiantation  charaetarlatlca  ara  eonaiatvrt  wltli  a  90. 

7.  ftsi  vv  to  owtatant  valocity  datonatlon  oceurtad  2D3  na.  Pin  data  lost  betwaan  102  an)  203  m. 

B.  Mn  tv  to  ooiatant  vsloelty  datoiatlan  ooeutrnd  by  about  137  aa.  Pin  data  lost  batwaan  102  and  1S2  aa. 
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(•n/uittt)  a 
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40 


occurred  between  85.72  (Go)  and  87.31  (No  Go)  mm  of  PMMA  based  on  both  pin 
and  standard  witness  plate  damage  data.  These  thicknesses  correspond  to 
32.8  and  31.5  kbar  of  input  pressure,  respectively. 

b.  TVT-NQ  Series  (105-210  micron  NQ) 

The  results  from  the  modified  ELSGT  series  for  the  TNT/NQ  (105- 
210  micron)  melt  cast  system  are  summarized  in  Table  5  and  run  to  detonation 
curves  are  shown  in  Figures  27  and  28.  yields  a  50  percent  gap 

thickness  between  84.14  (Go)  and  85.72  (No  Go)  of  PMMA  based  on  pin  data  and 
the  size  of  the  case  fragments.  These  thicknesses  correspond  to  34.4  and 
33.2  kbar  of  Ir^^ut  pressure,  respectively.  The  50  percent  gap  thickness 
for  SNQ  was  not  obtained  during  this  test  series.  The  data  suggest  a 
thickness  less  than  76.20  mm  (42.1  kbar)  will  be  required.  One  low  density 
charge  (92.4  percent  TMD)  achieved  a  constant  velocity  detonation  after 
approximately  a  127  mn  run  up. 

c.  RDX-NQ  Series  (210-297  micron  NQ) 

The  results  from  the  modified  ELSGT  series  for  the  RDX/NQ  melt 
cast  system  are  summarized  in  Table  6  and  run  to  detonation  curves  are  shown 
in  Figures  29  and  30.  The  system  with  HBCNQ  yields  a  50  percent  gap 
thlchness  between  79.38  (Go)  and  80.90  (No  Go)  mm  of  PMMA  based  on  run-to- 
detonation  data.  These  thicknesses  correspond  to  38.9  and  37.5  kbar  of 
iiput  pressure,  respectively.  The  (^rresponding  50  percent  gap  thickness 
for  the  system  with  SNQ  was  the  same  as  that  for  HBCNQ.  In  this  case,  the 
Go/No  Go  point  was  based  both  on  run-to-detonation  data  and  witness  plate 
damage. 

5.  SLOW  COOKOFF  (Generic  Hardware) 

Slow  cookoff  results  are  described  in  detail  in  Reference  3.  The 
results  from  valid  tests  are  summarized  in  Table  7  for  convenience  of  the 
reader. 
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vmM  s.  KDtruD  am  lasuua  rat  m/Hi  neut  awr  syuiimi 
<ios-uo  aicm  nl 


Tvpa  NO 

t  170^ 

R9W 

itildowaa 

Velocity 
C)  (t/f) 

Ccaantt 

mCNQ 

1.642 

99.9 

101.6 

Ms  09 

Mitnaaa  plate  delomad  about  Sleea 

Caaa  broken  Into  larya  plecaa 

1.646 

96.1 

88.90 

Ho  00 

Mitnaaa  plata  dalocaad  about  S9ae 
caaa  broken  into  larqa  plaeaa 

1.691 

96.6 

89.72 

N3  09 

Mitnaaa  plata  daloraad  about  91m 

Caaa  bcrfian  Into  laroa  plaeaa 

1.649 

96.1 

84.14 

2.69  *  0.04* 

Seisll  dianatar  hola  puahad  throuqh  wltnaaa  plata 

Caaa  broken  Into  aadltaa-alcad  plaeaa 

1.691 

96.4 

82.99 

2.89  -  1.41* 

Mitnaaa  plata  holed  and  broken  Into  4  plaeaa 

Caaa  broken  Into  large  plecea 

1.619 

99.7 

76.20 

7.26  ♦  0.0* 

Mitnaaa  plata  holad  and  broken  In  hall 
caaa  broken  Into  aaiall  Iragaanta 

1.644 

96.0 

29.40 

7.26  4  0.12* 

Mitnaaa  plata  holed  and  broken  In  hall 
^aa  broken  Into  aaall  Itayianta 

SM3 

1.641 

96.0 

101.60 

Ito  Oo 

Mitnaaa  plata  dafomed  about  lliai 

caaa  broken  Into  9  plaeaa,  aoaa  erploalva  racavarad 

1.641 

96.0 

88.90 

HD  09 

Mitnaaa  plate  daloraad  about  19<bi 

Caaa  broken  Into  large  plaeaa,  erploalva  racmarad 

1.649 

96.3 

82.99 

HD  09 

Mitnaaa  plata  daforaed  about  ISna 
caaa  broken  Into  large  plaeaa 

1.691 

96.6 

79.38 

fin  data  loat 

Mitnaaa  plata  daloraad  about  76mb 

Cbaa  broken  Into  large  plaeaa 

1.681 

98.3 

77.89 

1.04-2.71* 

Mltrwaa  plata  deloreied  about  76nt 

Gaaa  broken  Into  large  plaeaa 

1.64', 

99.9 

76.20 

1.17-2.61* 

Mitnaaa  plata  daloraad  about  S9fia 
caaa  broken  Into  nadtiai-alza  plecaa 

1.643 

99.9 

76.20 

1.30-1.00* 

Mltnesa  plata  deforced  about  I02na 
caaa  broken  Into  large  plaeaa 

1.S01  92.4  76.20  7.92  t  0.06^  Mitnaaa  plata  holed  and  broken  Into  3  plaeaa 

Cfeaa  btok«i  Into  laiall  Icaqaentf 

1.  17®  •  1.712 

2.  kppgaia  to  ba  a  LV80  (2.89  *  OXMmm/mt  ter  afproelaately  lOJaa,  altar  which  a  velocity  Incraaaa 

conanca*' 


).  Oonatant  vtlocity  not  adilavad,  vaiiad  (roa  2.69  to  ).4)an/u«. 

4.  fffmut  to  ba  a  oonatant  valocity  datonatloi  altar  approalaataly  178na  rtai 
).  Oatonatlon  valocity  alowly  dactaaalng. 

(.  l^raaia  to  ba  a  oonatant  valooity  datonatlon  altar  aifaanlMtaly  127na  rvai  up. 
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Figure  28.  Modified  ELSGT  Results  for  TNT/SNQ  (105-210  u) 


vwB  «.  wotruD  CLSur  msutn  icm  rx/Mq  trut  cmst  stsiac 


Dendty  tttX  V#loclty 

Type  MO  (Wor)  <  iwr  TMdji— »  (i)  (■>/»■  I  ooiRuiif 


1.S90 

95.1 

82.99 

do  Oa 

Mltneaa  plate  not  dented 

caea  brefcan  In  half,  aona  eaploalve  recovered 

1.S83 

*4.9 

80.96 

Ito  09 

Wltneea  plate  not  dented 

aaa  apllt  on  one  aide,  aeat  aq>loalvn  rec^/erad 

1.592 

99.3 

80.90 

(to  <to 

Mltneaa  plate  not  dented 

Caae  deforaed  and  apllt  about  9  inchaa  cm  donor 
efil.  exploelve  recovered 

1.992 

95.3 

79.38 

9.10  *  0.08^ 

Mltneaa  plate  dotted  end  fractured  into  3-4  plecea 
Mo  holer  ftapeante  relatively  larqa 

1.3S1 

94.C 

79.38 

9.03  ♦  0.07* 

Mltneee  plate  holed  and  ahattared  Into  9  plecea 
Pra^ante  ranged  troa  iitall  to  large 

1.992 

95.3 

79.30 

9.07  ♦  0.09* 

Mltftaae  plate  dented  xlth  aeall  hole  In  canter, 
breken  Into  9  plecea 

Pra^ente  ware  relatively  large 

1.992 

99.3 

90.80 

9.06  *  0.07* 

Mltneee  plate  holed  and  broken  into  3  pieces 
Pragaenta  aedliai  to  oiall 

1.C21 

97.0 

88.90 

Ho  Oo 

Mltneaa  plate  defotacd  slightly 

CBM  intact,  all  arploslva  tacovarad 

1.921 

97.0 

82.29 

do  do 

Mltneaa  plate  not  dented 

Caae  broken  into  at  Iwat  4  laiga  plscaa,  no 
exploalva  raco/ecad 

1.6U 

99.9 

80.96 

No  Oo 

Mltneaa  plata  not  danted 

CBM  apllt  Into  tavetal  larga  plecaa 

1.917 

99.8 

79.36 

9.1«  10.09* 

Mltneaa  plata  holed 

CBM  In  BBall,  thinned  plecea 

1.909 

99.3 

79.20 

9.98*'’ 

Mltneaa  plata  holed 

OSM  In  anil,  thinned  pieces 

1.919 

99.7 

29.40 

7.92  ♦  O.U* 

Ho  data 

1.  IW  •  1>*T1  9/a^ 

2.  Onutant  velocity  detonstlona 

3.  Nreara  to  have  (aactiad  oonatant  velocity  detonaton  after  approrlmtely  lS2ni  rvn 

4.  Coottant  detonation  velocity  tuT^eated  after  229™  of  rtni^ 

9.  Mdltlonal  etac^e  laifth  tequlrad  to  oonfica  oonatant  velocity  detcnatlcn 
6.  l^peara  to  lava  reached  oonatant  velocity  detonation  after  approrlmtely  17Bi<n  m  up 
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ROX/SNQ  210-297U 


Figure  30.  Modified  ELSGT  Results  for  RDX/SNQ  (210-297  u) 
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6.  SI£W  CXWROFF  (SCO  Units) 

The  results  from  e^^^erlments  in  small-scale  cookoff  units  are  summarized 
in  Table  8.  The  ^tries  in  the  results  column  are  ejqplainel  in  Table  9. 

7.  BULLET  IMPACT 

Bullet  impact  results  are  described  in  detail  in  Pefereiice  3.  Ttie 
results  are  sunmarized  in  Table  10  for  convenience  of  the  reader. 


TABLE  8.  SION  COOKOFF  TEST  RESULTS  (SCO  Units) 


fan  stopped  prior  to  end  of  test 


TABLE  9.  DBFIHITION  OP  REACT  IONS  SEEN  IN  SCO  TESTS 

1.  Partial  Detonation  (PD)  -  Case  broken  Into  many  small  piecea  and  some 
bluing  evident.  Witness  plate  not  holed. 

2.  Explosion  (E)  -  Case  broken  into  many  small  and  large  pieces. 

3.  Deflagration  (Def)  -  Case  broken  into  a  few  large  pieces. 

4.  Mild  Deflagration  (Mild  Def)  -  Case  split,  but  remains  in  one  piece. 

5.  Burn  (B)  -  900  unit  top  ruptured  and  contents  vented. 


l^le 

10.  Bullet  Isfjact  Test  Results 

Test 

Formulation^ 

Test 

Item 

Explosive 

Weight  (qm) 

Results^ 

1 

SNQ  (50) 

1 

8423.4 

Burn 

2 

SNQ  (50) 

1 

8486.9 

Burn 

HBCMQ  (50 

2 

8491.4 

Burn 

3 

HBCMQ  (50) 

1 

8781.7 

No  Reaction 

SNQ  (140) 

2 

8582.1 

Burn 

4 

SNQ  (140) 

1 

8355.3 

Burn 

HBCNQ  (70) 

2 

8604.8 

Burn 

HBCNQ  (70) 

3 

8595.7 

Burn 

5 

HBCNQ  (140) 

1 

8736.3 

No  Reaction 

HBCNQ  (140) 

2 

8799.8 

Burn 

6 

SNQ  (70) 

1 

8387.1 

Burn 

SNQ  (70) 

2 

8740.9 

Burn 

1.  Formulations  coder)  as  in  Reference  3.  HBCNQ(50)  -  TOT/HaCtlQ  (297-420  u), 
SNQ(50)  -  INT/SNC)  (297-420  u),  HBCNQ  (140)  -  WT/HBCNO  (105-210  u),  SNQ  (140)  - 
TWr/SW  (105-210  u),  HBOQ  (70)  -  RDK/HBCNQ  (210-297  u)  and  SNO  (70)  »  RDK/SNQ 
(210-297  u). 

2.  Burn  is  defined  as  the  process  tdiere  the  ordnance  energetic  material 
undergoes  coittouatlon.  During  this  reaction,  the  ordnance  case  may  open  up  and 
vent.  The  item  remains  In  position  although  it  may  fall  due  to  structural 
failure.  The  burning  reaction  presents  no  hazard  to  fire-fighting  capability. 
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SECTION  IV 


DISCUSSION 

TTie  DSC  thermograms  associated  with  HBCNQ  and  SNQ  suggest  the  former 
material  is  less  stable  than  the  latter  (see  Figures  %  10,  11,  and  12).  Not 
only  does  the  entire  exotherm  area  occur  at  a  lower  temperature,  but  the 
main  exotherm  Is  preceded  by  a  low  intensity  exotherm  that  covers  a 
temperature  range  of  about  40%.  The  SNQ  exotl-erm,  on  the  other  hand,  is 
consistently  preceded  by  an  endotherm  which  is  interpreted  as  the  onset 
of  melting  and  an  indication  of  purity.  The  KBCNQ  thermal  characteristics 
are  also  reflected  in  the  TNT-based  formulations  where  the  initial  exotherm, 
attributed  to  HBCNQ/  can  be  separated  into  two  peaics  at  low  heating  rates. 
This  initial  exotherm,  when  associated  with  the  TNT/SNQ  formulation,  is 
relatively  sharp  at  all  heating  rates.  The  reduced  thermal  stability  of 
HBCNQ  may  result  from  impurities  probably  incorporated  during  the 
recrystalllzation  process  that  yields  this  particular  high  density,  crystal 
habit.  Ihis  is  believed  to  be  a  reasonable  assimptlon,  since  the  DSC 
thermograms  resulting  from  needle-like  NQ  (starting  material  for  all 
recrystallizations)  and  SNQ  are  similar  and  are  interpreted  to  suggest  a 
degree  of  higher  purity.  These  differences  in  thermal  stabilities  are 
clearly  reflected  in  the  activation  energies  where  that  for  HBCNQ  is  about 
10,000  cal/mole  less  than  that  for  SNQ.  The  unique  spherical  shape  does  not 
appear  to  affect  the  results  as  crushed  SNQ  gives  an  apparent  activation 
energy  similar  to  that  of  uncrushed  material.  This  thermal  stability 
difference  is  also  carried  over  into  both  the  TNT-  and  RDX-based 
formulations  where  the  formulation  with  SNQ  always  exhibits  the  higher 
apparent  activation  energy. 

Critical  diameters  were  determined  for  the  four  TNT-based  and  the 
RDX/HBCNQ  formulations.  The  specific  values  are  shown  in  Table  2.  The 
values  for  the  TNT/HBCNQ  formulations  are  consistent  with  those  for  the 
comparable  formulations  containing  SNQ  in  that  the  critical  diameters  are 
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smaller  for  the  formulations  with  the  smaller  particle  size  NQ.  The 
critical  diameter  for  the  TNr-ba''9d  form\jlation  containing  SNQ  <297-420  u) 
is  smaller  than  that  for  the  equivalent  formulation  with  HBCNQ.  Both  TNT- 
based  formulations  with  the  NQs  of  smaller  particle  size  heui  critical 
diameters  less  than  19  mm,  the  minimum  diameter  of  the  tapered  section  of 
the  cone.  Finally,  the  critical  diameter  for  the  BDX/HBCNQ  formulation, 
with  the  NQ  of  intermediate  particle  size  range,  is  close  to  that  of  the 
TWT/SNQ  (297-420  u)  formulation. 

The  more  interesting  and  useful  information  gained  from  these  critical 
diameter  e^qseriments  comes  from  the  regression  analysis  of  the  linear 
piezoelectric  pin  response  data.  These  data  are  presented  graphically  in 
Figures  20,  21,  22,  23,  and  24.  Ir^xit  pressure  for  all  of  these  charges  was 
that  of  CoR^sition  B  (approximately  295  kbar).  The  slopes  of  the  linear 
fits  of  the  detonati(»i  velocities  of  all  the  charges,  when  plotted  versus 
reciprocal  radius,  exhibit  a  negative  trend  to  varying  degrees  thus 
suggesting  that  a  diameter  effect  may  be  in  operation  below  76mm. 

Detonation  velocities  at  a  diameter  of  50.8  mm  were  calculated  for  each 
formulation  using  the  equations  generated  by  the  regression  analyses.  These 
values  are  shown  gr^hically  in  Figure  31  and  in  Table  2.  These  data 
suggest  that  (1)  both  TNT-based  charges  containing  SNQ  are  at  or  near  icieal 
performance  at  a  diameter  of  50.8  mm,  while  all  of  the  charges  containing 
HBCNQ  are  performing  below  ideal,  and  (2)  the  diameter  effect  associated 
with  the  lone  RDX-based  formulation  is  much  more  pronounced  than  with  the 
TNT-based  formulations.  No  performance  differences  can  be  attributed  to  NQ 
particle  size. 

Detonation  velccity/pressure  experiments  were  designed  and  Ccurrled  out 
based  on  critical  di2uneter  data  chtained  from  cene  experiments.  Critical 
diameters  were  delineated  by  the  cone  experiments  and  were  found  to  be 
generally  consistent  with  data  generated  from  the  cylinders  of  varying 
diameters  used  in  these  detonation  velocity/pressure  tests.  These  data  are 
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Figure  31.  Calculated  D(NQ)  from  Critical  Diameter  Experiments  at  a  Diameter  of  50. 


shown  in  Table  11.  The  average  detonation  velocities  for  these  cylindrical 
charges  and  their  corresponding  D(NQ)  values  are  summarized  in  Table  3  and 
shown  graphically  in  Figures  32,  33 »  and  3*1 »  along  with  the  ideal  curves  for 
NQ.  It  is  apparent  from  an  inspection  of  the  graphical  display  of  these 
data  that  a  diameter  effect  on  the  NQ  detonation  velocity,  D(NQ),  is  in 
operation  and  that  it  is  much  more  pronounced  for  the  RDX-based 
formulations.  More  subtle  is  a  suggested  particle  size  effect  within  a 
given  NQ  crystal  habit  with  D  for  the  formulation  with  the  smaller  particle 
size  greater  than  that  for  the  formulation  with  the  larger.  The  D(NQ) 
values  from  Table  3  for  the  50.8  mm  diameter,  TNT-besed  cylinders  were 
corrected  to  a  density  of  1.63  g/em^  using  the  ideal  equation  for  NQ  (Di  = 
l.qj}  4.  H.015/^).  This  manipulation  yielded  D(NQ)  values  for  the  formulation 
with  SNQ  (105-210  u),  SNQ  (297-‘t20  u),  HBCNQ  (105-210  u),  and  HBCNQ  (297-*120 
u)  of  7.62  ^  0.03,  7.26  ♦  0.15,  7*37  ♦  0.13,  and  7.13  ^  0.01  mm/us, 
respectively.  The  difference  between  the  D(NQ)  values  for  the  smaller  and 
larger  particle  sizes  for  a  given  crystal  habit  was  calculated  to  be  >1,7  and 
3.3  percent  for  SNQ  and  HBCNQ,  respectively.  This  calculation  was  based  on 
the  mean  velocities.  A  review  of  the  data  presented  in  Figure  31,  derived 
from  conical  configurations,  shows  consistency  with  the  cylinder  data  for 
the  TNT/HBCNQ  formulations  in  terms  of  NQ  performance,  but  not  with  the 
cylinder  data  from  TNT/SNQ  formulations.  This  is  believed  to  reflect  the 
tendency  of  the  cone  to  promote  an  exaggerated  detonation  velocity  and  the 
special  characteristic  of  SNQ  to  achieve  ideal  performance  more  easily  than 
HBCNQ, 

The  detonation  pressures  for  the  TNT-based  formulations  with  HBCNQ 
(105-210  u)  and  (297-*120  u)  and  SNQ  (105-210  u)  vary  randomly  between  205 
and  215  kbar  with  average  values  of  209  +  5,  209  ♦  2,  and  211  +  2  kbar, 
respectively.  The  average  detonation  pressure  for  TNT/SNQ  (297-*120  u)  was 
218  +  2  kbar.  The  similarity  of  these  detonation  pressures  is  consistent 
with  the  similarity  in  detonation  velocities  (D  and  D(NQ))  of  the  charges 
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Table  11.  CRITICAL  DIAKCIBR  DA3A  FROM  OCTE  AID 
DErCNAIlON  VELXITT/PRESSURE  TESTS 


Particle 

Critical  Diameter  <mm) 

Fomulation 

Size  (u) 

Cme 

Cylinder 

TNr/HBCNQ 

105-210 

<19 

Between  25.4  -  50.8 

TNT/HBCNQ 

297-420 

29  +  3 

Between  25.4  -  50.8 

TWT/SNQ 

105-210 

<19 

Approx.  19.05 

TNT/SNQ 

297-420 

25  +  3 

Between  19.05-25.4 

FDX/HBCNQ 

210-297 

24  +  3 

Less  than  25.4 

BDX/SNQ 

210-297 

Less  than  25.4 

1.  Not  determined. 
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D(NQ)  (mm/us) 


7.0  h 


V 


V 


V 


9.0 


A  TNT/HBCNQ  108-210U 
A  TNT/HBCNQ  297-420U 
O  TNT/SNQ  10S-210U 
^  TNT/SNQ  297-420U 
□  RDX/HBCNQ  210-297U 
V  ROX/SNQ  210-297U 
•  RDX/NQ(10/90)  R«l  6 


I 


8.0 


1.62 


□ 


j. 


1.94  1.99 

Otnolty  ig/cnP) 


1.69 


Figure  32.  D(NQ)  Versus  Density  for  50.0  mm  Diameter  Unconfined 
Cylindrical  Charges 


(sn/uiui)  (ON)a 


8.0 


Di  (NO) 


♦ 


♦ 


7.0 


♦  TNT/SNQ  1 0S-21  Ou 
^  TNT/SNQ  297-420U 
B  ROX/HBCNQ  210-297U 
▼  RDX/SNQ  210-297U 


8.0 


Figure  33.  D(NQ)  Versus  Density  for  25.4  mm  Diameter  Uncon- 
flned  Cylindrical  Charges 
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0(NQ)  (mm/us) 


used  for  these  measurei.ients,  which  eure  shown  to  be  influenced  by  a  diameter 
effect  at  50.8  mm  (see  Table  3  and  Figure  32).  The  average  detonation 
pressures  for  the  RDX-based  formulations  with  HBCNQ  and  SNQ  were  66  _+  1  and 
129  15  kbau:,  respectively.  These  compare  favorably  with  the  corresponding 

average  D(NQ)  values  of  4.94  and  6.52  mm/us. 

The  modified  ELSGT  was  used  to  determine  the  test-specific  shock 
sensitivities  of  TNT-  and  RDX-based  NQ  formulations.  Detonation  velocities 
were  used  to  determine  run-to-detonation  distances  in  the  acceptor  charges 
and  they,  in  turn,  were  used  to  assess  the  proximity  to  the  initiation 
threshold.  As  found  with  other  TNT-based  formulations  (Reference  2), 
detonations  occurring  near  the  50  percent  gap  distance  were  characterized  by 
relatively  long  ren  distances.  The  RDX-based  formulation  with  SNQ  exhibited 
similau:  characteristics,  but  the  formulation  with  HBO'JQ  exhibited 
characteristics  that  were  not  seen  with  the  TNT-based  formulations.  In  only 
one  csise,  for  both  the  TNT-  or  RDX-based  formulations,  did  the  calculated 
D(NQ)  values  achieve  the  Di(NQ). 

The  TNT  formulation  wiUi  HBCNQ  (297-420  u)  yielded  an  apparent  shock 
sensitivity  of  37.3  kbar  of  input  pressure.  Witness  plate  damage  supports 
this  conclusion  as  a  hole  was  punched  through,  and  it  was  cracked.  Case 
fragments  were  generally  small.  Data  obtained  from  piezoelectric  pins  show 
that  a  constant  velocity  was  not  achieved  by  the  last  pin  suggesting  a  run 
distance  of  greater  than  254  mm.  The  charge  receiving  an  input  pressure  of 
35.9  kbar,  while  not  achieving  a  detonation  reaction  considered  to  be  high 
velocity  during  279.4  mm  of  run,  did  appear  to  support  a  constant  low 
velocity  reaction  (LVD)  of  2.76  +  0.08  mm/us.  The  LVD  was  not  sufficiently 
powerful  to  significantly  damage  the  witness  plate  under  the  charge  as  it 
was  only  deformed,  ihe  case  damage  was  consistent  with  the  above  findings 
as  it  was  fragmented  into  medium  to  large  size  pieces.  The  charges 
receiving  38.9  and  42.1  kbar  of  input  pressure  both  experienced  a  run  up  to 
detonation  of  about  203  mm.  In  both  cases  the  witness  plates  were  holed. 
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deformed  and  cracked  and  the  case  walls  fragmented  into  relatively  small 
pieces.  The  charge  receiving  123.3  kbar  of  input  pressure  sustained  a 
constant  detonation  velocity  of  7.20  0.09  mm/us  for  the  entire  length  of 

the  charge.  Witness  plate  damage  for  this  charge  was  consistent  with  that 
of  the  charges  receiving  significantly  less  input  pressure. 

The  corresponding  formulation  containing  HBCNQ  of  a  smaller  particle 
size  <105-210  u)  achieved  sufficient  energy  from  an  input  pressure  of  34.4 
kbar  to  cut  a  small  diameter  hole  through  the  witness  plate.  It  was  also 
deformed  curound  51  mm,  but  not  cracked.  Based  on  pin  data,  the  reaction  in 
the  charge  appeared  to  be  a  LVD  <2.85  _+  0.04  mm/us)  for  approximately  the 
first  203  mm  of  run  distance.  After  this  distance  a  slow  velocity  increase 
was  c4)served;  maximum  velocity  reached  between  the  last  two  pins  was  3.02 
nun/us.  The  case  fragments  were  of  a  medium  size.  The  charge  receiving  35.9 
kbar  of  input  pressure  p%inched  a  normal  size  hole  in  the  \7itness  plate,  as 
well  as,  broke  it  into  four  pieces.  The  run  distance  was  at  least  254  mm  with 
a  velocity  of  only  3.43  mm/us  being  reached  betweeii  the  last  two  pins.  The 
velocity  appeared  to  be  very  slowly  JLncreasing  between  the  first  and  last 
pins.  The  case  fragments  from  this  charge  were  relatively  large  when 
compared  to  the  charge  previously  described  The  charges  receiving  42.1  and 
123.3  kbar  of  input  pressure  reached  constant  velocity  detonations  of  7.26  + 

0  and  7.26  +  0.12  mm/us,  respectively.  The  former  charge  experienced  a  run 
distance  of  178  mm  while  the  latter  did  not  exhibit  a  measurable  run 
distance.  The  witness  plates  associates  with  these  charges  were  holed  and 
broken  in  half  and  the  case  fragments  were  small. 

The  TNT/SNQ  <297-420  u)  charge  receiving  32.8  kbar  of  input  pressure 
exhibited  a  slowly  increasing  velocity  over  the  entire  measurable  run 
distance.  The  velocity  between  the  last  two  pins  was  4.23  mm/us.  The 
witness  plate  was  holed  and  broken  into  3  pieces  and  the  case  fragments  were 
small.  The  charge  receiving  only  31.5  kbar  input  pressure  supported  an 
apparent  LVD  <2.71  +  0.05  mm/us)  for  the  entire  charge  length.  The  case 
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was  fragmented  into  medium  to  large  pieces  and  the  witness  plate  was  deformed 
about  76  mm,  but  was  not  holed  or  broken.  The  charges  receiving  irput 
pressures  of  35.9,  42.1,  and  123.3  kbar  sipported  detonation  velocities  of 
7.13  ^  0.12,  7,11  0.10  auid  7.22  ^  0.20  mm/us,  respectively.  The  first 

two  charges  reached  constant  velocities  after  run  distances  of  auround  203 
and  152  mm,  respectively,  while  the  last  ch2u?ge  exhibited  no  measurable  run 
distance.  Witness  plates  under  these  three  chaurges  were  holed  and  broken 
into  two  or  more  pieces  and  case  fragments  were  small.  The  charge  receiving 
42.1  kbar  of  ir^xit  pressure  was  at  a  significantly  lower  density  than  the 
ether  cheurges  in  this  series. 

No  constant  velocity  detonations  were  achieved  with  TNT-based  charges 
containing  SNQ  (105-210  u)  up  to  and  including  an  input  pressure  at  42.1 
kbar,  where  charge  densities  were  maintained  at  95.8  percent  TMD  or  greater. 

A  constant  velocity  detonation  (7.52  ^  0.06  mm /us)  was,  however,  achieved 
for  a  lower  density  casting  (92.4  percent  TMD)  at  42.1  kbar  of  input 
pressure.  The  witness  plate  under  the  lower  density  charge  was  holed  and 
broken  into  3  pieces,  whereas  the  plate  under  the  higher  density  charge 
receiving  the  same  input  pressure  was  only  deformed  approximately  102  mm. 

The  data  clearly  suggest  that  an  input  pressure  greater  than  42.1  kbar  (76.2 
mm  of  PMMA)  will  be  required  to  bracket  the  50  percent  gap  thickness  for 
cheurges  around  96  percent  of  TMD. 

The  data  generated  from  this  modified  ELSGT  series  Involving  TNT-based 
chauiges  containing  NQ  show  the  apparent  50  percent  gap  thicknesses  to  vary 
between  a  low  of  32.8  and  high  of  slightly  greater  than  42.1  kbar  for 
charges  in  the  95  to  96  percent  TMD  range.  For  these  given  experimental 
conditions,  there  is  approximately  a  3  kbar  difference  between  the  charges 
containing  HBCNQ  that  may  be  attributable  to  particle  size.  The  data 
suggest  the  laurger  particle  size  HBCNQ  is  less  sensitive.  Furthermore, 
a  closer  inspection  of  the  data  shows  that  the  formulation  with  the  larger 
particle  size  is  also  at  a  slightly  lower  density  than  that  with  the  smaller 
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particle  size  (95.3  versus  96.1  percent  TMD).  Eliqjerience  shows  that  the 
lower  density  charge  should  be  the  more  sensitive;  therefore,  it  is  believed 
the  difference  between  charges  of  similar  densities  will  be  larger  than  3 
kbar.  This  finding  is  contrary  to  the  norm.  With  charges  containing 
particulate  matter,  the  one  with  the  material  of  smeiller  particle  size  will 
generally  exhibit  the  lower  shock  sensitivity.  This  is  the  case  with  the 
charges  containing  SNQ,  as  the  one  containing  the  smaller  particle  size  is 
cbserved  to  exhibit  about  a  10  kbar  lower  shock  sensitivity. 

Differences  in  shock  sensitivity  that  may  be  attributable  to  NQ  crystal 
habit  veury  from  approximately  4.5  kbar  for  the  formulations  with  the  larger 
particle  size  NQ  to  approximately  1.1  kbar  for  the  ones  with  the  smaller 
particle  size.  In  the  case  of  the  former,  the  formulation  with  HBCNQ  is  the 
less  sensitive  and  for  the  latter  the  one  with  SNQ  is  the  less  sensitive. 

The  densities  of  the  chafes  used  for  these  comparisons  were  similar.  One 
possible  explanation  for  this  observed  reversal  in  trends  is  that,  given 
similar  charge  densities,  the  particle  density  of  the  larger  size  SNQ  is 
less  than  that  of  the  comparable  size  HBCNQ,  while  the  particle  density  of 
the  smaller  size  SNQ  is  greater  than  that  of  the  comparable  size  HBCNQ* 
Clearly,  all  of  these  cbserved  shock  sensitivity  differences  are  small  and 
may  be  influenced  by  the  known  diameter  effect  and/or  reflect  the  lack  of 
statistical  testing  and  reduced  quality  control  in  charge  preparation. 

The  detonation  velocities  for  those  TNT-based  charges  considered  to 
have  achieved  a  constant  value  ranged  from  7.11  +  0.10  to  7.26  +  0.12  mm/us 
with  the  exception  of  one  lower  density  charge,  TNT/SNQ  (105-210  u),  that 
achieved  7.52  _+  0.06  mm/us.  These  data  are  summarized  in  Table  12,  along 
with  D(NQ),  percent  Di(NQ)  and  input  pressure  values,  and  are  presented 
graphically  in  Figure  35.  These  limited  data  have  been  critically  analyzed, 
taking  into  consideration  the  density  variation  between  charges,  and  suggest 
a  charge  diameter  effect  on  D(NQ)  is  in  operation  at  73.2  mm  for  all  but  the 
lower  density  charge.  There  appears  to  be  (1)  a  particle  size  effect  on 
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TABLB  12.  REUMIONSHIP  OF  D(NQ)  TO  OBSERVED  DEnONATlON  VELOCITIES 
FOR  INT/MQ  FOnUlAriONS 


Particle 

Density 

Observed 

D(NQ) 

Input  P 

liEe 

Size  (  u) 

(g/an^) 

D  (iTin/us) 

(nm/us) 

- 

%  Di  (NQ)  ^ 

(Kbars) 

HBCNQ 

105-210 

1.639 

7.26  +  0 

7.37 

+ 

0 

91.9 

42.1 

HBCNQ 

105-210 

1.644 

7.26  +  0.12 

7.36 

+ 

0.24 

91.5 

123.3 

HBCNQ 

297-420 

1.646 

7.20  +  0.09 

7.23 

+ 

0.17 

89.8 

123.3 

SNQ 

297-420 

1.618 

7.13  +  0.12 

7.34 

+ 

0.24 

92.5 

35.9 

SNQ 

297-420 

1.585 

7.11  +  0.10 

7.34 

+ 

0.20 

94.1 

42.1 

SNQ 

297-420 

1.619 

7.22  +  0.20 

7.52 

+ 

0.12 

94.7 

123.3 

SNQ 

105-210 

1.581 

7.52  +  0.06 

8.17 

+ 

0.12 

105 

42.1 

1.  Percent  of  ideal  detonation  velocity  for  pure  NQ  at  the  given  density 
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0(NQ)  (mm/us) 


0(NQ)  for  the  SNQ  formulations  and  none  on  those  with  HBCNQ,  and  (2)  no  NQ 
crystal  habit  effect  on  D(NQ)  for  the  297-420  u  formulations  (lau^  chaurge 
density  variation  precludes  comment  on  the  affect  of  NQ  crystal  habit  for 
the  105-210  u  formulations).  The  affect  of  ir^ut  pressure  on  D(NQ)  is  not 
clear  from  the  present  data.  These  same  subtle  trends  are  apparent  i;pon 
close  inspection  of  the  50.8  mm  diameter  data  shown  in  Table  3. 

There  was  no  distinction  between  the  two  crystal  habits  of  NQ  in  the 
BDX-beised  formulation  with  respect  to  the  input  pressxire  required  to 
initiate  a  constant  velocity  detonation.  Both  achieved  constant  velocity 
detonations  at  an  input  pressure  of  38.9  )cbar  and  failed  to  propagate  at 
37.5  kbar.  The  velocities  associated  with  these  detonation  reactions  were 
6.10  _+  0.08  mm/us  for  the  charge  containing  HBG4Q  and  6.16  +  0.09  mm/us  for 
the  other.  These  velocities  correspond  to  percent  Di(NQ)  values  of  66.3  and 
66.1,  respectively.  While  the  witness  plate  under  the  chaurge  containing  SNQ 
Wcis  holed  and  the  case  fragments  small  thinned,  the  plate  under  the 
charge  containing  HBCNQ  was  only  dented  and  fractured  into  several  pieces 
and  the  case  fragments  were  relatively  large.  Other  charges  containing 
HBCNQ  behaved  similaurly.  Irput  pressures  of  38.9,  42.1,  and  73.4  kbar 
resulted  in  detonation  velocities  of  6.03  ^  0.07,  6.07  ^  0.09  and  6.06  + 

0.07  mm/us,  respectively.  All  witness  plates  associated  with  these  charges 
were  hoied  aoKi  broken  into  multiple  pieces  and  case  fragments  varied  from 
large  to  small.  These  detonation  velocities  are  similar  to  the  calculated 
value  for  a  diameter  of  73.2  mm  (6.14  mm/us)  from  the  critical  diameter 
experiment.  These  values  are  shown  graphically  as  Di(NQ)  versus  charge 
density  in  Figure  35  and  are  summarized  in  Table  13.  The  data  clearly 
suggest  a  diameter  effect  is  in  operation  in  that  the  D(NQ)  values  are 
similar  and  are  unaffected  by  increasing  input  pressure. 

The  cheuges  containing  SNQ,  on  the  other  hand,  respond  differently  to 
increasing  input  pressure.  The  charges  receiving  42.1  and  123.3  kbar  of 
input  pressure,  for  example,  achieved  detonation  velocities  of  6.68  and  7.52 
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Table  13.  RELATIONSHIP  OF  D(NQ)  TO  OBSERVED  DETONATION  VELOCITIES 
FOR  FDX/NQ  FCBMUATIONS 


Density 

Observed 

D(NQ) 

Irfxit  P 

Type 

(q/can^) 

D  (mn/us) 

(nm/us) 

%  Dl(NQ) 

(kbar) 

HBCNQ 

1.592 

6.10  *  0.08 

5.19  +  0.11 

66.3 

38.9 

HBCNQ 

1.581 

6.03  +  0.07 

5.10  +  0.10 

65.5 

38.9 

HBCNQ 

1.592 

6.07  +  0.09 

5.14  ♦  0.13 

65.6 

42.1 

HBCNQ 

1.592 

6.06  +  0.07 

5.13  ♦  0.10 

65.5 

73.4 

SNQ 

1.617 

6.16  T  0.09 

5.24  T  0.13 

66.1 

38.9 

SNQ 

1.609 

6.68 

6.01 

76.1 

42.1 

SNQ 

1.616 

7.52  +  0.11 

7.22  +  0.16 

91.1 

123.3 
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^  0.11  nun/us.  These  values  were  achieved  after  substantial  run  ijp  and 
correspond  to  76.1  and  91.1  percent  of  D1(NQ),  respectively.  These  data  are 
also  shown  graphlc£U.ly  In  Fl9fure  35,  Witness  plates  associated  with  these 
charges  were  cleanly  holed  and  case  fragments  were  small  and  thinned.  While 
a  diameter  effect  Is  also  operational  with  these  charges/  It  Is  apparent 
that  It  Is  sensitive  to  input  pressure  and/  perhaps,  can  be  eliminated  at  a 
smaller  diameter  than  with  those  containing  HBCNQ. 

The  major  conclusion  from  the  modified  ELSGT  series  is  that  the  data 
are  influenced  by  the  diameter  of  the  test  unit  and  all  perceived 
differences  in  sensitivity  attributed  to  NQ  crystal  habit  must  be  so 
caveatedL  There  are  c^lous  differences  in  the  measured  data  gleaned  from 
this  overall  evaluation  that  can  be  realistically  linked  to  crystal  habit 
and  these  are  pointed  out  throu^out  the  text  and  again  in  the  ccxiclusion 
section. 

Data  generated  at  this  facility  prior  to  March,  1988,  from  eight-inch 
gap  experiments  with  RDX-based  formulations  of  similau:  composition  to  those 
used  in  this  current  .study  were  consistent  with  the  data  generated  from 
charges  of  only  73.2  mm  charge  diameter.  See  Tables  13  and  14.  The  charge 
containing  HBCNQ  achieved  a  D(NQ)  value  of  5.25  mm/us  which  corresponds  to 
only  69  percent  of  Di(NQ).  This  finding  suggests  that  the  diameter  effect 
on  D(NQ)  is  still  operational  at  a  diameter  of  175  mm,  at  least  within  the 
oqperimental  condition  of  35  kbar  input  pressure  and  400  mm  maximum  charge 
length.  For  the  charge  containing  SNQ,  a  D(NQ)  value  of  7.7  nun/us  was 
achieved.  This  corresponds  to  102  percent  of  Di(NQ).  These  values  suggest 
the  diameter  effect  is  no  longer  operational  even  for  an  input  pressure  of 
only  35  kbar.  This  fiixling  is  not  unexpected,  as  both  the  data  generated 
from  the  cone  experiments  and  the  modified  EHjSGT  experiments  suggest  the 
diameter  effect  will  be  eliminated  at  a  charge  diameter  not  much  greater 
than  73-76  mm. 

The  slow  cookoff  test  series  using  generic  hardware  suffered  from 
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Table  14.  BEIATIONSHIP  OF  D(NQ)  TO  OBSES^VED  DETONATION  VELOCITIES 
FOR  PDX/NQ  PCWMLttATION  FRCM  EiaiT-INCH  GAP  EXPERII«2/rS 


Density 
Formilatlon^  (g/an'^} 

Observed^ 

D  (nvn/us) 

D(NQ) 

(nrn/us) 

%  Dl(NQ) 

Input  P 
(kbar) 

FDX/HBCNQ 

1.53 

6.1 

5.25 

69 

35 

RDX/SNQ 

1.51 

7.7 

7.65 

102 

35 

1.  RDX/NQ/Al/Polyethylene/lecithin  (22/45/16/16.7/0.3),  percent  by  weight 


2.  Inside  diameter  -  175  nm 
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repeated  oven  failures  that  rendered  many  tests  invalid.  As  previously 
mentioned,  thermocoiples  were  located  on  the  outside  of  the  steel  bomb 
Ceising.  As  a  result,  the  temperature-time  traces  give  virtually  no 
lixiication  of  the  temperature  of  the  explosive  away  from  the  surface  or  of 
self  heating.  A  quick  inspection  of  the  temperature  data  in  Reference  3 
shows  that,  in  most  cases,  the  bomb  skin  and  airgap  temperatures  are  similar. 
Therefore,  the  temperature-time  traces  appear  to  simply  reflect  the 
programmed  ramp  speed  of  3.3°C  per  hour.  As  previously  described,  the  test 
plan  called  for  rapid  heating  to  a  pr^lanned  temperature  55°C  below  the 
e^qjected  reaction  temperature,  a  hold  for  60  minutes,  and  then  a  programmed 
increase  in  temperature.  The  predicted  reaction  temperatures  for  the  TNT- 
and  RDX-based  formulations  were  170  and  130°C,  respectively.  This  dictated 
hold  temperatures  of  115°C  and  75°C,  respectively.  In  the  former  case,  the 
hold  temperature  is  35°C  above  the  melting  point  of  TNT  (80°C)  and  about 
30°C  above  the  normal  processing  temperature  for  these  formulations.  The 
60-minute  hold  is  believed  to  be  sufficient  time  for  most  of  the  TNT  phase 
to  have  melted-  Any  reaction  between  TNT  and  NQ  or  impurity  in  NQ  may  be 
accelerated  in  this  state  and  detectable  in  the  results.  For  the  latter 
case,  the  hold  temperature  is  below  the  processing  temperature  and 
furthermore,  the  active  ingredients  will  have  remained  in  the  solid  state. 
After  these  tests  were  conducted,  it  was  discovered  that  the  predicted 
temperatures  were  incorrect  due  to  errors  made  in  the  calculations  resulting 
from  the  variable  heating  rate  experiments.  The  predicted  values  shown  in 
Table  7  are  the  corrected  values. 

Formulations  with  SNQ,  regardless  of  F>artlcle  size  or  medium,  reacted 
with  various  degrees  of  violence  when  the  average  bomb  surface 
temperature  was  in  the  range  158  to  161®C.  There  was  one  exception  (test 
2,  test  item  3)  where  the  reaction  occurred  at  a  measured  surface 
temperature  of  177°C.  He  TNT  formulations  containing  HBCNQ  reacted  when 
the  average  bomb  surface  temperatures  were  in  the  range  148  to  150°C, 
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regardless  of  particle  size.  The  RDX-based  formulation  with  HBCNQ  reacted 
at  an  average  bomb  surface  temperature  of  143®C,  while  the  single  test  with 
SNQ  reacted  at  a  bonto  surface  tenperature  of  160°C.  The  times  shown 
in  Table  7  reflect  the  ramp  time  to  the  hold  temperatiire/  the  one-hour 
hold,  and  the  programmed  rcimp  time  to  reaction. 

The  data  show  that  all  of  the  formulations  containing  SNQ  react  at 
average  bomb  surface  temperatures  higher  than  those  for  the  corresponding 
formulations  with  HBCNQ  and  that  the  RDX-based  formulations,  regardless  of 
NQ  crystal  habit,  react  much  less  violently  than  the  formulations  based  on 
TNT.  No  conclusions  can  be  drawn  from  the  TNT-based  formulation  test  data 
based  on  NQ  crystal  habit  or  particle  size.  That  the  SNQ- loaded 
formulations  react  at  the  higher  bomb  surface  temperature  is  consistent  with 
their  higher  apparent  activation  energies. 

The  slow  cookoff  test  series  using  SCO  units  differed,  in  part,  from 
the  series  previously  described  in  that  the  e:q>losive  weights  averaged  456  g 
for  the  TNT  formulations  and  435  g  for  the  RDX  formulations,  whereas  the 
same  formulations  in  the  generic  hardware  tests  averaged  2019  and  2159  g, 
respectively.  Also,  the  SCO  units  were  instrumented  with  an  internal 
thermocovple  centered  in  the  explosive.  This  internal  thermocouple  allowed 
detection  of  the  temperature  at  which  self-heating  was  initiated  axxi  a  more 
accurate  representation  of  the  temperature  at  which  maximum  reaction 
occurred.  The  self-heating  temperature  is  characteristic  of  the  explosive, 
whereas  the  the  burst  temperature  may  be  highly  influenced  by  the  strength 
of  the  container. 

The  INT/HBCNQ  formulation,  regardless  of  NQ  particle  size,  exhibited 
similar  end  results  when  tested  in  SCO  units,  namely  explosions  and  partial 
detonations.  This  finding  was  similar  to  that  from  the  generic  hardware 
cookoff  tests,  with  the  exception  that  all  Ttn’/HBCNQ  generic  units  yielded 
partial  detonations.  Self  heating  initiated  at  an  average  temperature  of 
132°C  for  both  particle  sizes  and  maximum  reaction  occurred  in  the 
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range  147-173®C.  While  times  to  self-heating  and  maximum  reaction  were 
fairly  similar  for  the  two  NQ  peu±icle  sizes,  the  smaller  particle  size 
material  tended  to  exhibit  slightly  longer  times.  The  predicted  temperature 
for  the  initiation  of  self-heating  for  this  formulation  was  consistently 
about  25°C  hi^ier  than  the  measured  temperatures. 

The  end  results  for  the  TNT/SNQ  formulations  were  more  veuried,  but  the 
data  suggest  the  formulation  with  the  smaller  particle  size  SNQ  reacts  more 
violently  than  a  formulation  with  the  larger  particle  size.  This  finding  is 
similar  to  that  seen  in  the  generic  hardwaure  tests.  The  average  temperature 
at  which  self-heating  occurred  was  150®C  for  the  larger  particle  size  and 
143°C  for  the  smaller.  This  is  11  to  18°C  higher  than  for  a  formulation 
with  HBCNQ  and  is  consistent  with  the  DSC  data.  The  temperatures  at  which 
maximum  reaction  occurs  are  more  varied  but,  in  general,  ♦  hey  are  higher  for 
the  formulation  witti  SNQ.  The  predicted  temperature  for  the  initiation  of 
self-heating  for  this  formulation  was  consistently  50-60°C  higher  than  the 
measured  temperatures. 

Both  types  of  NQ  in  the  RDX  formulations  behaved  similarly  and,  in 
general,  less  violently  than  the  TNT-based  formulation.  This  finding  is 
consistent  with  that  from  the  generic  hardware.  As  seen  with  the  TNT-based 
formulations,  the  RDX  formulations  with  exhibited  higher  temperatures  at 
the  initiation  of  self  heating  (average  delta  was  17°C)  than  those  with  HBCNQ. 
Temperatures  at  maximum  reaction  were  too  varied  to  interpret.  The  times  to 
self-heating  were  consistently  lower  for  the  HBCNQ  formulations  aind  the 
delta  between  the  average  times  (309  min)  was  consistent  with  the 
relationship  between  the  heating  rate  cind  the  delta  between  the  average 
temperatures  at  self  heating. 

The  bullet  impact  test  results  are  characterized  by  mild  bums  through 
the  bullet  holes  for  the  BDX-based  formulations  and,  generally,  bums  with 
loss  of  at  least  one  end  cap  for  the  TNT-based  formulations.  The  results 
suggest  that  both  formulations,  regardless  of  the  type  of  NQ  or  its  particle 
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size,  respond  rather  mildly  to  bullet  Inpact;  however,  the  bums  from  the 
INT-based  formulations  appear  to  be  somewhat  more  Intense  than  those  from 
U  ^  N>X-based  formulations.  Those  TtTT-based  formulations  containing  HBCNQ 
appear  to  be  more  stable  to  bullet  impact  thaui  those  containing  SNQ. 
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SECTION  V 


CONCLUSIONS 

DSC  thermograms  obtained  from  neat  HBCNQ  and  SNQ  suggest  the  former  Is 
less  stable  than  the  latter.  This  conclusion  is  reflected  in  the  apparent 
activation  energies  for  the  thermal  decomposition  process  where  that  for 
HBCNQ  is  about  10,000  cal/mole  less  than  that  for  SNQ.  It  is  believed  the 
reduced  thermal  stability  of  HBCNQ  results  from  impurities  prcA^ably 
incorporated  during  the  recrystallization  process.  As  in  the  neat  form, 
both  the  TOT-  and  RDX-based  formulations  containing  HBCNQ  exhibit  lower 
apparent  activation  energies  for  the  thermal  decomposition  process  than 
similar  compositions  with  SNQ.  These  data  suggest  NQ  plays  a  major  role  in 
the  decomposition  process  and,  in  so  doing,  those  formulations  containing 
HBCNQ  are  less  stable  thermally.  This  is  further  s\±»stantiated  by  the  slow 
cookoff  tests  in  SCO  units  where  self-heating  is  initiated  at  lower 
temperatures  for  formulations  containing  HBCNQ.  The  influence  of  NQ 
particle  size  was  minimal.  End  results  were  less  definitive,  since  they  are 
to  a  large  extent  governed  by  the  strength  of  the  test  unit;  however,  it  was 
apparent  that  RDX-based  formulations  behaved  less  violently  than  TNT-based 
formulations.  Both  types  of  formulations,  regardless  of  type  of  NQ  or 
particle  size,  respond  mildly  to  bullet  impact. 

The  TNT-based  formulations  with  NQs  of  small  particle  size  exhibited 
the  smaller  critical  diameter  (d^,)  values.  While  these  d^,  values  give  an 
indication  of  the  diameter  at  which  the  charge  will  no  longer  support 
sustained  detonation  and  also  offer  some  differentiation  based  on  particle 
size,  they  do  not,  without  further  investigation,  give  any  insight  into  the 
diameter,  dj^,  at  which  ideal  detonation  velocity,  Dj^,  will  be  achieved  by  the 
particular  formulation.  The  velocity  Dj^  is  defined  as  the  volume  weighted 
summation  of  the  ideal  velocity  contributions  of  each  of  the  energetic 
components  of  the  formulation,  Dj^  “^®^i(l)  *^'^i(2)  ^*^i(n)' 

a,  b,...z  are  the  volume  fractions  and  the  terms  1, 2,...n  represent  the 
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different  components.  Between  d^,  and  dj|^  a  constant  velocity,  non- ideal 
detonation  with  velocity  D  may  be  afforded,  where  D  <  D  may  be  a 
function  of  charge  diameter,  NQ  particle  size,  initiation  pressure, 
confinement,  and  other  ingredients  of  the  formulation. 

The  measured  detonation  velocities  for  the  formulations  and  the 
corresponding  D(NQ)  vEdues,  for  both  NQ  crystal  habits,  from  the  detonation 
velocity/pressure  euxi  ELSGT  experiments  clearly  showed  that  all  but  one  of 
these  values  were  less  than  ideal  at  or  below  a  charge  diameter  of  73mm. 
These  limited  data  also  suggest  that  D£{NQ)  can  be  achieved  more  readily 
with  SNQ  than  with  HBCNQ  and  that  this  overall  effect  on  D(NQ)  is  more 
pronounced  in  the  RDX-based  system. 

It  is  believed  this  enhanced  propensity  towcurds  ideal  performance 
by  SNQ  when  subjected  to  a  shock  environment  may  result,  't  least  partially, 
from  its  greater  internal  porosity  (inaccessible  to  continuous  medium)  per 
individual  spherulite.  This  porosity  may  exist  as  rather  laurge  internal 
voids,  an  example  of  which  is  thought  to  be  shown  in  Figure  36a  and  b,  that 
sometimes  appear  near  the  center  of  the  spherulite  and  sometimes  on  the 
surface  as  seen  in  Figure  37.  It  is  believed  the  more  important  voids  may 
be  in  the  form  of  more  uniform  microporosity  that  exists  withLn  and  between 
the  individual  crystallites  emanating  from  the  common  center  of  each 
spherulite  and  the  surface  porosity  not  filled  with  the  continuous  medium. 
This  porosity  may  act  as  sites  for  the  generation  of  hot  spots  when 
subjectfxl  to  the  instantaneous  high  pressure  of  the  travel iiig  shock  wave. 

The  heat  o.-s^erated  by  the  thermal  decomposition  reactions  taking  place  at 
these  hot  spots  strengthens  the  shock  wave  thus  accelerating  the  overall 
decomposition  process  ultimately  leading  to  a  sustained  detonation.  While 
the  pcurticulate  (NQ)  density  differences  may  help  to  explain  the  performance 
differences  observed  for  the  two  crystal  habits,  it  is  further  suggested 
that  the  other  ingredients  of  the  particular  formulation  may  also 
significantly  influence  the  performance  of  the  I-JQ  conponent. 
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Figure  36.  a.  Scanning  Electron  Micrograph  (254X)  of  Internal 
Porosity  Located  in  an  SNQ  Spherulite. 
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Figure  37.  Scanning  Electron  Micrograph  of  Large  Surface  Void 
Located  on  an  SNQ  Spherulite 
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A  review  of  the  data  in  Tables  3  and  12,  for  the  TIJT-based  formulation, 
reveals  that  the  differences  attributable  to  NQ  crystal  habit  are  small  and 
that  the  deviations  from  Di(NQ)  are  also  small  when  compared  to  similar 
values  obtained  from  the  RDX -based  formulations.  In  this  TNT  medium  there 
is  only  minimal  distinction  between  particle  sizes  and  minor  influence  on 
percent  Dl(NQ)  attributable  to  Input  pressure  or  charge  diameter  between 
50.8  and  73.2  mm.  Percent  Di(NQ)  is  influenced  somewhat  by  charge  diameter 
below  50.8  mm  (formulations  containing  SNQ  only).  These  findings,  gathered 
from  rather  limited  data,  are  Initially  interpreted  to  suggest  that  D(HBCNQ) 
may  be  approaching  a  maximum  value  that  is  medium  dependent  with  little 
distinction  attributable  to  particle  size  or  input  pressure.  D(SNQ),  on  the 
other  hand,  appears  to  reflect  some  influence  attributable  to  particle  size 
and,  perhaps,  input  pressure.  Clearly,  more  experiments  are  required  to 
quantify  these  initial  conclusions. 

A  similar  review  of  the  data  from  Tables  3,  13,  and  14  for  RDX-based 
formulations  reveals  an  entirely  different  NQ  behavior  with  respect  to 
medium  and  crystal  habit.  The  deviations  of  D{NQ)  from  Di(NQ)  range  from  44 
to  31  percent  for  HBCNQ  over  a  diameter  range  of  25.4  to  175  ram  and  from 
about  31  to  9  percent  for  SNQ  over  a  diameter  range  of  25.4  to  73.2  ram  with 
one  175  mm  diameter  charge  achieving  ideal  velocity.  Input  pressures  were 
varied  above  a  charge  diameter  of  50.8  mm  and  there  was  some  charge  density 
variation.  These  large  deviations  contrast  drastically  with  those  from  the 
TNT-based  charges  and  might  correctly  be  interpreted  as  a  diameter  effect, 
but  one  that  appears  to  be  influenced  significantly  by  the  energy  consuming 
characteristics  of  the  polyethylene  and  aluminum  components  of  the 
formulation.  The  limited  data  generated  by  this  test  series  and  the  pre- 
1983  experiment  suggest  that  D( HBCNQ)  may  be  approaching  a  maximum  value 
that  is  medium  and  crystal  habit  dependent.  D(SNQ),  on  the  other  hand,  is 
similar  to  D( HBCNQ)  for  similar  charge  densities  up  to  a  charge  diameter  of 
only  38.1  mm,  where  input  pressure  is  that  of  Composition  B.  This  D(NQ) 
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similarity  persists  to  a  charge  diameter  of  73.2  mm  at  a  reduced  ir?>Jt 
pressure  (39  kbar).  Above  this  input  pressxjre,  D(SNQ)  increases  rapidly  to 
a  value  simileu:  to  that  observed  in  a  INT  medium.  At  a  diauneter  of  175  mm 
and  input  pressure  of  only  35  kbar,  ideal  behavior  is  achieved.  For  this 
latter  case,  it  is  not  clear  whether  or  not  the  Ideal  performance  results 
from  the  increased  diameter  of  the  (diarge  or  the  reduced  charge  density. 
Again,  additional  eiqperiroents  are  required  to  quantify  these  findings,  but 
it  appeau-s  reasonable  to  postulate  that  the  energy-absorbing  chauracteristics 
of  the  medium  are  resp<xuiible  for  the  significantly  reduced  D(NQ)  values  and 
to  conclude  that  it  is  the  unique  structure  of  the  SNQ  SfA^erulite  that 
allows  it  to  overcome  the  influence  of  the  medium  above  some  diameter  dj^. 
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